While private equity (PE) is expanding rapidly in developing countries, there is little academic research on this subject. In this paper I exploit two new data sources and employ two distinct empirical strategies to identify the impact of PE on Indian firms. I compare the investments made by one of India's largest PE firms to the investments that just missed (deals that made it to the final round of internal consideration). I also combine four large PE databases with accounting data on 34,000 public and private firms and identify effects using differences in the timing of investments. I find three results consistently in both databases. First, larger, more successful firms are more likely to receive PE investment. Second, firms that receive investment are more likely to survive and also have greater increases in revenues, assets, employee compensation, and profits. Third, somewhat surprisingly, these firms' productivity and return on assets do not improve after investment. This is consistent with PE channeling funding to high productivity firms rather than turning around low productivity firms. PE, at least in India, appears to alleviate expansion constraints and improve aggregate productivity through reducing misallocation rather than by increasing within-firm TFP.
Introduction
Emerging markets' share of total global private equity (PE) fundraising increased from 4% in 2004 4% in to 12% in 2009 4% in to 20% by 2012 4% in (Prequin, 2012 EMPEA, 2014) . India accounts for approximately 20% of emerging market private equity investment and capital invested via PE in the country went from less than $500 million in 1999 to over $15 billion in 2010, equivalent to 1% of the equity market capitalization of the Bombay Stock Exchange. 1 Despite this growth, the impact of PE firms is a contentious issue. Some in the popular media claim that sophisticated PE investors can extract dividends, cash, and other resources from their investee firms in the short run, to the detriment of shareholders and the long-run functioning of the firm. 2 A second view of PE sees practitioners as passive investors. This might be the case if firms are not especially capital constrained but financial markets for investors are underdeveloped. PE firms may seek to diversify their portfolios by investing in types of companies that are not well represented on stock exchanges. In this view, shareholders of the firm exchange bank debt or owner's equity for outside capital. Although these changes in capital structure may influence incentives and attitudes towards risk, the PE investors do nothing to directly impact firm size or performance.
A third view claims that PE investors benefit their target companies by providing capital infusions and transfers of technology such as management skill, process innovation, connections to customers and suppliers, and governance practices. While the view that PE is not harmful and may be helpful to the companies which receive investment is most consistent with the academic literature, 3 there has been relatively less work to disentangle exactly how PE companies help the firms in which they invest. Do PE firms help their investee companies by removing barriers to expansion and helping them to grow to the optimal size or do they help firms to become more efficient and use existing resources in the most productive way possible? 4
To examine the effects of PE in India, I construct a novel dataset of the near universe of PE investments in India since the beginning of the industry in the early 1990s by combining four 1 As a comparison, PE investments in North America during this period totaled about $150 billion which was about 1% of the total market capitalization of the New York Stock Exchange.
2 For example, in 2006, Spiegel, a prominent German newspaper wrote, "Private equity funds buy up companies, suck them dry, and spit them out again."
3 See, among many, Davis et al. (2013) ; Bernstein and Sheen (2013) ; Bernstein et al. (2014) ; Acharya et al. (2013) ; Cohn et al. (2013) ; Kerr et al. (2011); Lerner et al. (2011); Bernstein et al. (2010) ; Cao and Lerner (2009) ; Leslie and Oyer (2008) ; Kevin Amess (2007) ; Keuschnigg (2004) ; Keuschnigg and Nielsen (2003) ; Desbrires and Schatt (2002) ; Kortum and Lerner (2000) ; Lerner (1995) ; Lichtenberg and Siegel (1990) ; Kaplan (1989) .
4 Consistent with my findings, Boucly et al. (2011) finds that PE funds in France relax credit constraints and help LBOs to take advantage of growth opportunities. Chung (2011) argues that growth and alleviation of investment constraints is especially important for private, as opposed to public, targets. different datasets (VCCEdge, Venture Intelligence, Prequin, and Thompson) . In order to explore firm outcomes, I then merge this combined dataset to Prowess, a database of financial information for large and medium-sized Indian firms.
However, identifying a causal effect of PE is difficult. The main challenge is that PE does not flow to firms randomly but, instead, flows to larger, more successful firms. Thus, differences between non-PE and investee companies post-PE may be entirely due to selection. There may also be omitted variables, such as good managers, which lead both to PE investment and to firm success.
Because there are no randomized trials or natural experiments in this area, previous literature in developed countries relies on matching techniques to identify control firms with which to compare investee companies.
My identification strategy is two fold. To deal with selection, I limit the analysis to firms that will eventually receive PE and use the differential timing of the deals to examine the effects of the investment. The exact timing of the deals is arguably arbitrary because PE investors are unable to compare internal financial data across all prospective investees at the same time. Rather, they request and analyze internal financial data over time.
For a second identification strategy, I have obtained propriety data from a large PE firm in India.
These data contain companies which were considered for investment by the firm and categorized into several different bins from D to A. With this data, I can compare the companies that received investment, category A, to the companies that were strongly considered but ultimately did not receive investment, category B. These "near-miss" companies are similar to investee companies on observables and likely also provide a good control group to the "winners" in terms of unobservables, allowing me to identify the effects of PE investment.
The Indian context is significant because, while relatively little is known about PE in the developed world, even less is known about PE in developing countries. Academic work on PE outside of OECD nations is almost non-existent. 5 The potential effects of PE companies are likely to be exacerbated in developing economies. If PE firms are extracting resources from unsophisticated companies, this is likely to be an even greater problem in developing countries where the rule of law is weaker, management quality is poorer, the majority of firms are family owned, and regulatory bodies are more easily corruptible. However, if PE companies are improving the firms in which they invest, the impact of well-funded, knowledgeable investors may be particularly large in developing countries, given the relatively greater constraints on firms and the resulting inefficiencies. 6 Whether and how PE firms bring value to the firms in which they invest in developing countries is of central importance in policy debates about capital controls, entrepreneurship, and foreign direct investment.
My data confirm that PE firms select companies that are initially more productive, more profitable, and larger in terms of revenue, assets, and employee compensation. These firms have more people on the board of directors and hold more board meetings per year. Using data from the Indian survey of Bloom et al. (2012) I also find that investee firms are better managed before receiving investment than firms that never receive investment. 7 However, in addition to selecting better companies, PE firms also have an impact on investees.
For both the sample including all PE deals in India using the differential timing for identification as well as for the "near-miss" sample, I find that firms that receive PE investment spend more on labor and capital and have larger revenues and profits post investment. Using hand collected data for my "near-miss" sample, I show that firms that receive PE investment have more employees and are more likely to survive post investment than non-funded firms. These increases in the operational size and profits of the firm post-investment are inconsistent with PE as a passive investment strategy or PE as extractive for investors and value destroying for the companies receiving investment.
Contrary to PE as a story of leveraging up companies in order to receive tax breaks, 8 debt to equity ratios for the companies do not change significantly and, if anything, debt seems to be lower at these companies post investment. Note that, unlike in the US, acquisition financing is illegal in India and no change in the debt/equity ratio is consistent with the regulatory environment.
To distinguish whether PE investment is more consistent with expansion of the firm or improvements in efficiency, I construct two separate measures of revenue total factor productivity (TFPR) and also examine return on assets (ROA). TFPR captures how well firms transform inputs into outputs accounting for the change in output prices. TFPR does not significantly increase after investment for firms in the countrywide dataset and decreases post-investment for firms in the "near-miss" data. Across both datasets, ROA goes down after investment by PE firms. This decrease in ROA suggests that the marginal product of capital before investment was high due to capital constraints and, once constraints are eased, investee firms deploy the capital to expand the firm. Chang and Choi (1988) ; Khanna and Palepu (1999 , 2000a ,b, 2004 Khanna (2000) ; Khanna and Rivkin (2001); Guillen (2000) .
7 This is consistent with Bloom et al. (2009) which documents a correlation between management practices and private equity investment across a wide range of industries in developed countries.
8 For research on PE and leverage in other settings see Colla et al. (2012) ; Demiroglu and James (2010); Matsa (2010); Axelson et al. (2007) .
This pattern of results in both the larger dataset of all PE deals as well as in the smaller "near-miss" dataset indicates that firm expansion rather than improvement in firm efficiency is the primary consequence of PE investment in India. 9 Because firms that receive investment are positively selected, PE in India seems to be allocating resources towards better firms by helping them to increase employment and assets. This reallocation has important implications for increasing macro total factor productivity and could be especially important in developing countries to catalyze the growth of productive firms more quickly than the economy otherwise would and thus raise per capita incomes. 10 Unfortunately, the data available to examine the mechanisms of change in investee firms postinvestment are sparse and these finding should be treated as speculative. I find little evidence of management improvement in Indian companies purchased by PE firms. I show that the number of people on the board of directors increases by one person after PE investment (mean of 9 people).
However, there is no significant change in the number of meetings held per year. The exact mechanism through which PE firms effect change in Indian companies is an important area for future research.
The remainder of the paper is organized as follows. Section 2 provides a conceptual framework and Section 3 describes the private equity industry in India. Section 4 introduces the data sources and provides summary statistics. Section 5 discusses identification. Section 6 shows that investee firms are selected among all firms in the economy before analyzing how PE companies in India affect the firms in which they invest. Section 7 presents a discussion of results.
Conceptual Framework
This section will propose a simple model of firm behavior and will develop theoretical predictions that can then be tested in the data. Demand is determined in a monopolisticly competitive environment:
9 This is consistent with anecdotal evidence. For instance, Bain claims that, "By providing a critical new source of patient capital, management expertise and deep networks of connections, PE has helped catalyze the growth and expansion of companies in which they invested. Included among the companies PE and VC investors discovered and backed are one-third of India's largest 500 companies today" (Bain and IVCA, 2011, p. 6) .
10 Differences in the allocation of resources across establishments that differ in productivity may be important in explaining cross-country differences in output per capita (Banerjee and Duflo (2004); Hsieh and Klenow (2009, 2014); Howitt (2000) ; Restuccia and Rogerson (2008) ).
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where P is price, Y is output, C is a constant and ρ = σ−1 σ with σ representing the elasticity of substitution. 11
The production technology is characterized by:
where K is capital, L is labor, and A is exogenously determined potential TFP. The (1 − τ a ) term represents a TFP wedge, a drag to a firm's ability to productively use resources. Although τ a may represent many things, one potential interpretation is poor management practices. 12
Profits are then given by:
where R is the exogenous cost of capital and w is the wage. The (1 − τ K ) term represents a capital wedge, or a constraint on expansion, that keeps the firm below the optimal size. This constraint on expansion could be many things but may include a lack of capital, a preference of owner operated businesses for "the quiet life," or incomplete information on how to effectively scale up the firm. 13
Taking first order conditions leads to the following expressions for revenue, profits, capital, labor, TFPR, and ROA:
This model provides different predictions for financial variables under different scenarios of the 11 Imperfect competition is important here to derive predictions for revenue total factor productivity. Foster et al. (2008) explain the distinction between revenue total factor productivity (TFPR) and quantity total factor productivity (TFPQ) and highlight the importance of distinguishing between the two when attempting to measure firm level productivity (See also Chevalier (1995) ). While a better measure of the underlying productivity of the firm, TFPQ requires price data that are unavailable in most firm level datasets. The literature often imprecisely uses TFP without distinguishing between TFPR and TFPQ which can have implications for interpreting and analyzing results.
12 That τa is likely positive in developing countries generally and India specifically due to management practices has been shown by Bloom and Van Reenen (2010) and Bloom et al. (2010) .
13 Banerjee et al. (2008) and Banerjee and Duflo (2008) argue that even fairly large firms in India are likely credit constrained.
6 effect of private equity on firms. If PE were extractive and harmful to the firm, we would likely see decreases in revenue, profits, capital, or labor. If PE firms are passive investors looking to simply diversity their portfolios, we would likely see no change in τ a and no change in τ K which would lead to no change in firm financials. However, if PE causes a decrease in either τ a or τ K then we would expect revenue, profits, capital, and labor to increase. If τ a decreases, we would expect TFPR to increase. However, if τ K decreases, we would expect TFPR to decrease. If τ a decreases, we would see no change in ROA. If barriers to expansion are decreased (τ K goes down) ROA would decrease because the marginal product of capital decreases as the capital constraints are eased and the firm expands. Examining the evidence of what happens to companies after receiving PE investment in the data can help determine which story of PE is more consistent with the empirical data in India. Table 1 summarizes the predictions of the model.
Firm financing and Private Equity in India
Financing for firms in India is limited. Outside of PE, enterprises that require finance which are not part of business groups or whose owners do not have access to wealthy family or friends, must turn to banks. However, regulations and rules make it difficult to get funding from banks. Due to rounds of nationalizations in 1960, 1969, and 1980 , the industry is dominated by public sector banks. In India today there are only 89 commercial banks compared to 5,571 in the U.S. Further decreasing the amount of loanable funds, since 1985 the Reserve Bank of India has mandated that 40% of loans go to "priority sectors" -agriculture, micro and small enterprises, education, housing, export credit, and other "weaker sections." The conservative nature of Indian banks may exacerbate the problem. Banerjee et al. (2008) and Banerjee and Duflo (2008) find that loan officers are punished when they give out bad loans but not rewarded when they give out good loans. This incentive structure causes misallocation of credit by loan officers which leads to credit constrained firms.
Large pension and insurance funds in India are only allowed to invest in government bonds and, without access to capital, the corporate bond market is underdeveloped. Because of the limited options for business financing before the rise of private investment sources in India in the late 1990s and early 2000s, several small firms chose to go through an initial public offering (IPO) on one of the two main Indian stock exchanges. This has led to a situation where only about 650 of the 5,300 companies on the Bombay Stock Exchange (BSE) are actively traded and provide liquidity to investors. Only about 500 companies constitute more than 90% of the BSE's market capitalization.
India began to liberalize its economy in 1991 following a balance of payments crisis. Although the financial sector did not see a loosing of regulations to the same extent as the real sector, the opening of the economy set the stage for Western style PE in the country and by the late 1990s there were indigenous PE firms as well as domestic offices of large foreign PE firms. A PE firm is a specialized investment company where managers (general partners) pool money from investors (limited partners) to invest in firms. 14 Activity is often organized in funds; general partners raise a fixed amount of money from limited partners for a set number of years (usually 5 -10). After the initial fund raising, capital is disbursed to several firms over the first few years of the life of the fund. PE firms may purchase the entire equity of a firm or take a majority or minority stake in the company. Investors often provide several resources to investee firms besides capital, including management and process expertise, high-powered incentives, labor and product market connections, and active governance. At or before the end of the specified fund length, PE firms must exit their investments and return the capital, along with gains, to the limited partners. Exits can take the form of sales to other PE firms, to strategic partners, to the general public through an initial public offering on a stock market, or back to the owners or manager of the firm. General partners receive management fees during the term of the fund and usually receive a share of the excess returns, called carried interest, upon completion of the fund. General partners typically receive around 20% of the profits of the fund after a previously agreed upon set rate of return, called the hurdle rate, is achieved (generally 7 -8%). Many PE firms specialize in a certain industry sector or type of investment (venture, growth, mezzanine, buyout, distressed) . 15 Between 2000 and 2010, the Indian economy grew at about 7% a year; during the same time period, the number of PE deals in India grew at an average of 29% per year and total capital invested in the industry grew at about 60%. While the recession of 2008 did affect the Indian economy directly, it had an even larger effect on the PE industry as the majority of capital invested comes from the US and other developed countries, which were especially hard hit by the financial crisis. However, investment was quick to recover and growth has continued in recent years. Figure 1 shows the growth of the industry through time in both the number of deals done and the total amount invested.
While technology and health care have the highest concentrations of investment, PE activity spans across a wide range of industries in the Indian economy. Table 2 shows the number of investments by industry and also adjusted for firm revenue. Most of the companies that receive PE investment are in the South, West, and North of the country. Within these regions, firms are 14 For more on PE partnerships, see Kaplan and Schoar (2005) ; Lerner and Schoar (2004) , and for more on investors and funding of PE see Lerner et al. (2007) ; Gompers and Lerner (2000) ; Djankov et al. (2007) .
15 For more about the growth of PE through time and characteristics of leveraged buyouts, see Stromberg (2008) .
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likely to be in Mumbai, Bangalore, Chennai, Delhi, and Hyderabad.
In developed countries, many PE deals are leveraged buyouts of large public companies. Venture capital funding for start ups also makes up a significant amount of private capital in the US.
Conversely, most PE deals in India would be considered "growth capital." In the data, the average (median) company that receives investment from a PE firm has yearly total income of $58 million ($22 million). The typical (median) deal size is US$27 million (US$10) although this has been increasing through time from less than US$5 million in the early days of the industry to closer to US$50 million today.
Only about 20% of the data record the size of the stake in the company purchased. For those deals where this data is available, the typical (median) stake is 21% (15%). This is in contrast to US transactions which are often majority deals. PE managers in India report that this is in part to overcome a negative selection problem. Unlike in the US, many large Indian firms are family owned and the cultural norm is to pass the business to one's son or other male relative as an inheritance. Bloom et al. (2013) argue that this may be caused in part by an inability to sufficiently deter corruption and theft by managers and other employees through credible punishment in the Indian court system. Undeveloped financial markets and the inability to easily transfer wealth from one generation to another except through business assets may also have contributed to the prevalence of family owned firms. Consequently, many in the PE industry feel that only distressed firms are likely to come up for sale. Taking a minority stake in a firm and leaving the owner with a large share of equity helps to overcome this adverse selection. In addition, if firms are dependent on a network of connections to politicians and/or if bribes must be paid to guarantee continued successful functioning of the firm then it might be especially important to have the founding family, who knows from experience the unwritten norms, continue to hold a large stake in the business.
On average, firms receive 1.6 rounds of investment, often over a period of several years. Sixtynine percent of firms receive only one investment in the data and 2% receive more than five. The number of PE investors per deal varies from 1 to 10 with the average deal consisting of 1.3 investors.
Presently there are about 315 total PE firms operating in India. Approximately 160 of these firms have their head offices in India and the others are foreign offices of a global private equity firm (ex. KKR India). There are approximately 200 limited partner investors participating in the market and over 90% of the invested capital is from foreign sources. 16
Data Sources
In order to examine the effect of PE investment on investee companies in India, I take advantage of several novel datasets. The first is a dataset of the near universe of PE transactions in India from the 1990s until today that I created by combining four different databases of Indian PE deals. The second is a proprietary dataset from a large PE firm operating in India which provides details of not only the investments that the company has made but also the companies that were considered for investment but did not receive funding. These data are then combined with an unbalanced panel of financial data for Indian companies called Prowess.
Data for the entire PE industry
To examine the effect of PE investment on firms in India I have combined four databases of private equity investment in India. These databases include two India specific PE databases, VCCEdge and Venture Intelligence, a global database of PE, Prequin, and a global database of many financial measures including PE, Thomson. 17 Because deal information is often not well publicized and recording conventions differ for the different databases, it was necessary to manually compare the nearly 13,000 observations to determine overlap. Although there is a lot of variability in any given variable, two observations were determined to record the same deal based on some combination of similarity of date of investment, company name, name of investors, deal amount, city, and company description. After combining deals that appear in multiple databases, there are 6,887 PE transactions recorded in the data. This represents investment in 4,328 companies from 1990 to 2012.
Deals that appear in none of these four databases will be missing from my data. This is more likely to be true for very small deals and deals involving companies that are particularly concerned about privacy for strategic or other reasons. If there are many of these deals then I will be underestimating the total number and amount of capital invested by PE in India. However, combining several different, competing data sources allows me to construct the best dataset available, covering most PE deals done in the country. 18
17 For more details about these databases, see the Appendix.
18 Note that the total number of deals done and total amount invested by PE firms in my data is larger than some other sources that track PE in India (Bain and Emerging Market Private Equity Association (EMPEA), for instance). Two potential reasons could give rise to this discrepancy. Measurement error could exist if a given deal described in two or more databases is sufficiently different that I classified it as two separate deals. These false positives would cause an overestimate of the number of deals and amount of capital but will not affect the main results of the paper. However, if other sources are relying on only one or two PE databases then they are likely missing deals that are found exclusively in one of the other databases and these sources will underestimate the amount of PE in India.
Data from a specific firm
To complement the industry level data, I have detailed data from a specific Indian private equity firm on the investments that they have completed as well as the companies that were strongly considered for investment but ultimately not funded. The firm was started in the late 1990s and is one of the largest and oldest PE companies operating in India. They are sector agnostic, have more operations than investment professions and have launched several funds with a combined corpus of over $1 billion dollars. 19 The PE firm has considered about 2,000 potential investees, screening them progressively through categories D to A. More than 25 investments have been made since 2000 (category A) and the data also include more than 160 companies that were strongly considered (category B).
Variables include company name, industry, deal source, status, date change of status, proposal date, investment size, deal champion, and investment manager.
I have also hand collected data on survival and employment for all A and B firms. Firm websites, newspaper articles, and corporate directory sites were searched to determine whether the firm is still in business as well as some measure of employment post PE consideration. 20 Information was gathered on 162 of the 190 firms for employment and 177 for survivorship. These data allow me to examine outcomes which are not dependent on matching to Prowess and to use nearly all of the firms in this sample. The effects of PE on employment using this larger set of firms are similar to those found for the firms matched to Prowess.
Financial and other data
In order to examine the effect of PE investment on firm financial performance, I merge the PE data with a database of large and medium-sized public and private Indian firms called Prowess. Prowess is a firm level database of Indian companies created by the Centre for Monitoring the Indian Economy (CMIE), a private company headquartered in Mumbai which was established in 1976.
It contains data on over 34,000 companies (representing almost 274,000 firm-year observations) in India and has up to 1,500 indicators for each company. The principal source of the data is Annual Reports of the individual companies. The database has tracked companies since 1988 and, 19 That the firm is indeed sector agnostic and has considered and made investments across a wide variety of industries can be seen in Appendix Table A.1. 20 Information was also gathered on whether the firm had been purchased since investment. Being purchased by another company can be either a signal of bad performance or good performance for the firm. Struggling firms or their assets are often purchased at a discount by other firms in the industry. However, well-performing companies are often bought by successful companies looking to expand or enter new markets and sale to a strategic player or another PE firm is often an exit strategy for PE firms. In these data purchase by another company is uncorrelated with investment by the PE firm.
conditional on being in the database, it is possible to track company financial performance through time. Firms are in the data on average (median) for 8 (6) years (standard deviation of 6.06) with 4% of firms appearing only once and .02% appearing 27 times.
The database covers listed and unlisted companies although it is not a census of Indian firms; 21 larger, well-established firms are more likely to be in the database. However, the sum of the total revenue of all companies in Prowess is equivalent to 60% -80% of Indian GDP for each year from 2000 -2013; the majority of Indian economic activity is accounted for by the firms in Prowess.
Several variables from Prowess are used in the analysis. Employee compensation is the total amount paid to employees at the firm including wages, social security contributions, and benefits. 22
Assets is gross fixed assets and records the historical costs of all assets used for production of goods or services. Expenditure is the sum of all expenses incurred by a company during an accounting period. Revenue is called total income in Prowess and is the sum of all types of revenue generated by the enterprise during the financial year. Profits is called PBDITA, profits before depreciation, interest, taxes, and amortization and is similar to EBITDA in the US. Debt/Equity measures the proportion of borrowed funds to own funds used to finance a company's assets. ROA is profits after tax net of prior period and extra-ordinary transactions over fixed and other assets, including current assets such as inventories and cash. Nominal balance sheet data is adjusted to year 2000 rupees using the Indian wholesale price index. The Online Appendix provides detailed definitions of all Prowess variables used.
In addition to these variables, I construct two measures of productivity. I follow Petrin et al.
(2004) to construct TFP1 using the natural log of value added as the output variable, the natural log of employee compensation as the free parameter, the natural log of raw materials and the natural log of power, fuel and water charges as the proxy variables and an adjusted measure of gross fixed assets as the capital variable (see the Appendix for details of the adjustment of capital from historic costs to replacement costs). For the Prowess data, I construct TFP2 using this method. β, the coefficient on labor, is estimated as the industry level (using the industry group code variable) sum of employee compensation divided 21 The Annual Survey of Industries (ASI), which is a census of manufacturing firms in India, could not be used for this project because (1) observations in the ASI are at the plant level, (2) company identifiers are not available in the ASI and firms could not have been matched to the PE databases and (3) the ASI contains information only for manufacturing firms.
22 Employee compensation instead of employment is used because Indian accounting rules do not mandate reporting the total number of employees and Prowess has this number available for only about 6% of firm-year observations. by the sum of revenue. γ, the coefficient on materials, is estimated as the industry level raw materials divided by revenue for the given industry. I then calculate α = 1 − β − γ. TFP2 is then:
T F P 2 = ln value added − β * ln employee compensation − α * ln adjusted gf a.
Because Prowess provides accounting information on the Rs. amounts spent or earned for a given category of business activity rather than the direct quantities of goods consumed and produced, it is only possible to calculate a measure of total factor productivity, TFPR, that includes input and output prices (see Foster et al. (2008) ).
Financial information through time is available only for those firms that could be matched by name to the Prowess database. Of the 4,328 firms in the countrywide PE database, 1,043 were also found in the Prowess database (representing 12,564 observations). For the firm specific data, 88 out of the 189 companies were found in the Prowess database (876 observations), including 15 treatment firms. The number of years in the data for these firms ranges from [2, 25] with a mean of 13 and a median of 12. Larger and more sophisticated firms are more likely to match to the Prowess database. However, there is no reason to believe that control firms are more likely to match than treatment firms. It is possible that firms grow due to PE investment and are then more likely to enter the Prowess data post PE. The difference-in-difference specification will allow these firms to help establish the year fixed effects but they will not provide variation to identity the effect of PE investment.
In addition to these sources I also use data on management from the Indian survey of Bloom et al. (2012) . Four waves of this survey were conducted in India in 2006, 2008, 2009, and 2010. Trained interviewers rated firms on a five point scale using several questions about operations, targeting, monitoring, and people management. These ratings were combined to create an overall management score for each firm as well as individual scores in each subsection. Indian observations in this survey include 937 firm-years representing 738 companies, 40 of which received PE funding at some point in my sample period.
Identification
It is difficult to estimate the effects of PE on investee firms. If PE firms are good at choosing investees that will eventually be successful (picking "winners") then a correlation in the data between firm outcomes and PE investment might represent reverse causation. Similarly, omitted variables, such as good management, might directly cause improvements in firm performance as 13 well as increases in outside investment from PE firms. A naive econometrician might attribute improvements in the firm to PE, not realizing that an omitted variable caused both. Because of the amounts of money and time involved, PE firms are not likely to allow a researcher to randomize investment in a controlled experiment and sharp policy changes affecting one area within the country but not other areas are difficult to find. Consequently, much of the PE literature has relied on matching techniques, using (sometime crude) observables to create a set of control firms with which to compare investee firms.
To identify the effect of PE, I first match the countrywide dataset of all PE investments in India to the Prowess data. Limiting this data to those companies that will ever receive PE, I use a difference-in-difference estimator to determine the effect of investment on various financial measures from Prowess. Because this is an unbalanced panel through time, firms that will eventually but
have not yet received PE act as control firms for those that have already received investment. Since all firms in this sample receive PE investment, difference in unobservables related to selection by PE companies across firms should be reduced in this sample. The assumption that the timing of PE investment is orthogonal to firm characteristics and changes in outcome variables for the firm helps to identify the results. This assumption might be violated if different types of firms receive funding at different points in time or if PE firms are especially good at choosing firms immediately before they start growing or becoming more efficient.
Because I can not completely rule out a timing story, I provide a complementary identification strategy using a smaller sample of propriety data from a large PE firm in India. This sample includes firms that received investment as well as firms that were very strongly considered but ultimately did not receive funding ("near-misses").
Of the 1.3 million registered firms in India, only a certain subset of them would be good candidates for PE investment. In the case of my "near-miss" data over 2,000 firms were screened by this PE company as potential investment targets. Of this pool, 220 were chosen as companies suitable for investment and moved from category D to category C. At this point the firm expended significant resources to further screen out companies that would be good investment targets. A deal team was formed, investment calculations were performed, representatives from the PE firm visited the managers and owners of the companies several times to discuss the company and observe firm operations, industry analysis was done, and each deal was heavily debated at a deal meeting which included all the partners of the company. The cost of the time and energy devoted by the company in this due diligence suggests that these companies were strong candidates for investment.
After this extensive review, companies thought to be good potential investments were moved into category B. Of these companies, the firm ultimately invested in just over 25 companies which moved into category A (see Figure 2) . The identification assumption is that firms in category B are similar to firms in category A but for the idiosyncratic choice of investment by the PE firm. The firm's data expert notes that: "These are all very good companies. The companies in the B group may have made it except for some small factor like timing, competition, or the personalities of the people involved. Sometimes it just comes down to luck."
Screening by the PE company as potential investment candidates ensures "near-miss" firms are more similar to investee firms on unobservables than other firms in the economy that might be used in a matching exercise. For firms also found in the Prowess database, I can compare financial variables for A and B companies before consideration by the PE firm. 23 Although standard errors are large, none of the differences are statistically significant. There is virtually no difference between expenditures or revenues between A and B companies and, if anything, employee compensation is lower for A firms.
Several firms in both category A and category B receive PE investment from other firms either before or after being considered by the firm from which I have data. Figure 3a shows the cross tab of the number of firms in category A and category B and the number of them that received PE investment from other PE firms. Figure 3b shows the same categories for the number of observations (firm-years) that were matched to the Prowess database. Receiving investment from one PE firm may provide a certification effect and make it more likely that the company receives additional funding from another PE firm. Conversely, investment from one PE firm may crowd out investment from another and make it less likely that a second firm would invest in the same company as there may be diminishing marginal returns to an additional PE dollar. Neither effect seems to dominate in these data and firms are split between the categories. In my main specification I will use investment by the firm for which I have data as an instrumental variable for PE. This instrument will identify the local average treatment affect (LATE) of PE for the firms that were induced into treatment by my firm.
6 Effects of PE investment on Indian companies 6.1 Result 1: Successful firms are selected for investment by PE PE firms in India invest in companies that are bigger and better performing than the typical firm in the Prowess database. Panels A and B of Table 3 show the difference between firms in the 23 Appendix Table A .2 shows this difference controlling for year fixed effects.
Prowess database that never receive PE and firms that have not yet but will receive PE in the future. Across all of these measures, firms that will receive PE appear to be better firms: they have higher revenues and profits, more assets, pay more to employees, have lower debt/equity, higher TFPR, and higher returns on equity (ROE) and ROA. 24
The Prowess database also records some information about board of directors for over 23,000 companies (representing 122,621 firm-year observations) and data on board meetings for approximately 1,250 firms. Nearly 900 of the companies in the board of director data received PE investment at some time during the study period as did 130 of the firms in the board meeting data.
Comparing firms that will receive PE in the future but haven't yet to firms that never receive PE, future PE firms have 2 additional people on the board of directors and have more than 2 additional board meetings per year.
Merging data from the Indian portion of Bloom et al. (2012) to the PE database allows me to examine other firm characteristics. Compared to other firms in the survey, firms that have not yet but will receive PE investment have a .27 higher management score on a five point scale. The overall management score as well as scores for monitoring and targets are significantly higher for these firms. Panel C of Table 3 shows these results (controlling for year fixed effects) for board of director differences and management differences between firms that do not receive PE and firms that will receive PE.
Firms considered for investment by the firm for which I have data are also positively selected compared to the general firm in the Prowess database. Figure 4 shows a kernel density graph of ROA for firms in the Prowess database that never receive PE, firms that will eventually but have not yet received PE, and A and B firms that matched to Prowess before they were considered for investment. Firms that will receive PE and A and B firms perform better than other firms in Prowess, although A and B firms might be slightly less selected in terms of ROA than other firms that will receive PE investment. 25
Result 2: Operational size increases after investment
Of the 4,328 companies that receive PE investment in my data, about 1,043 match to the Prowess database. Limiting the Prowess dataset to just these companies that receive PE, I run the following difference-in-difference regression:
where y it is an outcome variable, λ t is a year fixed effect, γ i is a firm fixed effect, f irm i Af terInvest t is an indicator that turns to one when the firm receives PE investment, and µ it is an error term.
The differential timing of investment in the unbalanced panel dataset provides variation to identify π, the effect of PE on the given outcome variable.
Panel A of Table 4 shows the results of these regressions for the natural log of employee compensation, assets, expenditures, and revenue, and for the level (in millions of rupees) of profits. 26
All of these variables increase significantly after PE investment. 27 The coefficient on revenue, for instance, suggests that firms grow by approximately 40% after investment by a PE firm. Spending on both labor and capital increase, suggesting that the investment money is not simply increasing the cash reserves of the company. 28
Panel B of Table 4 provides estimates for the same outcome variables from the "near-miss" dataset. These regressions use a similar difference-in-difference specification where firms in category B act as controls for firms in category A. Investment from the firm for which I have data is used as an instrument for PE so the coefficients should be interpreted as local average treatment effects. 29 Because I have hand collected data on survival, zero values are added back in for employee compensation, assets, expenditures, and revenues in order to control for selection. These variables are reported in ln(x + x 1 ) where x 1 = min(x|x = 0). 30 Because of the small sample size, standard errors are large. However, as with the countrywide dataset, all of these coefficients are positive and employee compensation, assets, expenditures, and revenues are all statistically significant. The 26 Profits takes on negative values for around 8% of observations in the data. 27 Table B .2 in the Online Appendix provides these results in levels. 28 Because Prowess is an unbalanced panel through time, the mix of firms in the data is also changing. Table A .4 in the Appendix shows the same regressions on a balanced panel of firms included in the data for every year between 2000 and 2010. All the coefficients on the outcome variables are positive and all except profits are statistically significant. Interestingly, the coefficients are about half as big as those in the unbalanced panel with employee comp at .20, assets at .30, expenditures at .21, revenue at .18 and profit at 68.68. Firms that are in the data consecutively for 10 years are likely to be older, more established firms. Not surprisingly, the effect of PE on these firms, while still large and positive, is not as big as the effect for smaller, growing firms, where PE may be especially important in expanding the size of the firm.
29 OLS results can be found in Appendix Table A .5. In general, the OLS results are between those of the countrywide dataset regressions and the IV regressions for the "near-miss dataset. Employee compensation (column 1), for example is 1.24 and significant at the 5% level.
30 Tables in the Online Appendix demonstrate that the results are robust to using several different specifications including ln(x), ln(x + 1), and in the case of the OLS results, using a negative binomial regression. For example, the coefficient for column 1 in the various specifications is as follows: ln(x + 1), 3.01; ln(x), 3.25; ln(x + x1) and Izero, 3.19; OLS ln(x + 1), 1.08; OLS ln(x), 1.14, OLS negative binomial, .90. magnitudes are much larger here than in the estimates from the countrywide dataset. This is to be expected since these are LATEs. In addition, as was shown, these firms may be slightly smaller than the typical firm which receives PE and may, therefore, have more room to grow. While the magnitudes are large, they are not unreasonable. Of the more than 32,000 firms in the Prowess database that don't receive PE investment, over 7% of them increase revenues by more than 2 log points between 2005 and 2010 even after controlling for an average growth trend. Similar growth in these firms that benefited from a PE infusion is not unrealistic. The change in these variables from three years before PE investment to three years after can be seen in Figure 5 which plots the residuals for treatment firms after controlling for firm and year fixed effects and provides bootstrapped standard errors at the 10% level.
As with the countrywide dataset, the timing of when these firms were considered for PE investment may not be random. To explore this I include an indicator that turns to one after a company is considered for investment by the PE firm for both A and B companies. The effect of PE is identified from the difference in A and B companies that were considered at similar points in time. This specification also controls for company life cycle effects if PE firms always consider investees at a certain point in their growth trajectory. These results are similar in magnitude to those in the main specification. 31
As a robustness check that it is actually PE that causes the difference between treatment and control firms, I do a placebo test where I artificially move the date of PE investment three years prior to the actual date and estimate the same regressions on the pre-PE consideration observations. 32 Profits in this specification are negative and, while the other variables are positive, none are statistically significant.
The hand-collected data for the "near-miss" dataset allow me to increase the sample size by including observations that do not match to the Prowess data and also allow me to examine firm survival. Because some of the B firms also received PE investment from other PE companies, I can determine the marginal effect of investment from my PE firm. Table 5 provides the results of this data for the natural log of employment and firm survival after investment. The difference between A and B firms is the effect of PE given the identification assumption (G3 vs G6 in the table;
see Figure 3) . The difference between A and B firms conditional on receiving other PE investment provides the marginal impact of my firm given other investment (G1 vs G4). As expected, the effect of additional PE is smaller than the OLS results, consistent with a story of diminishing marginal 31 See Appendix Table A.6. Coefficients are as follows: (1) 3.90; (2) 1.70; (3) 2.39; (4) 2.14; (5) 18 return to PE. Similarly, we can see the marginal impact of investment from my firm given no other PE investment (G2 vs G5). Again, as expected, the impact of investment is larger given no other PE funding. Assuming that all other PE firms have the same choice set and similar ranking for companies seeking PE I can determine the effect of any PE compared to no PE (G1, G2, and G4 vs G5). 33 The effect of any PE funding is larger than the simple A vs B result which is attenuated by imperfect compliance (control companies treated by other PE firms). Given the same assumptions of similar choice set and common ranking and limiting to the companies that my firm categorized as B, I can determine the effect of receiving PE from another source by comparing B companies that didn't get PE to those that did (G4 vs G5). The results here are similar to the OLS results for survival and larger for employment. The last columns of the tables show the LATE instrumenting for PE with investment from my firm. As expected the LATE is larger than the OLS results.
Across all of these specifications PE increases employment by between 1.1 and 3.2 log points and decreases the probability of exit by between 10% and 30%.
In the countrywide dataset revenue and profits as well as spending on labor and capital increase significantly after PE investment compared to firms that have not yet but will receive investment.
These variables also increase in the "near-miss" dataset for firms that receive PE investment vs controls. These changes in the firm are inconsistent with PE as extractive or PE as a story of passive diversification by investors. However, these results do not disentangle whether PE in India operates primarily to reduce barriers to expansion or to improve firm efficiency. For this we now turn to the results on firm performance.
Result 3: Firm performance does not improve after investment
For the countrywide dataset, I use the same difference-in-difference specification to examine the effect of PE on debt/equity, TFPR, and ROA (see Table 6 Panel A for results). Notably, the debt/equity ratio is not significantly different post PE investment and, if anything, decreases after PE investment. This is evidence against PE as simply a mechanism to leverage the company in order to gain favorable tax treatment. The two measures of TFPR provide slightly different results but neither is statistically significantly different from zero. ROA is negative and statistically significant.
These results are more consistent with a story of PE reducing barriers to expansion rather than barriers to efficiency. 34
Results in the well-identified "near-miss" data are consistent with those of the countrywide 33 This is a strong assumption and is unlikely to be true. 34 Similar results using the strictly balanced panel can be found in Table A .8 in the Appendix. data: debt/equity is negative but not statistically significant, both measures of TFPR are negative and TFP1 is statistically significantly negative, and ROA is also negative as can be seen in Panel B of Table 6 . 35 The evolution of these variables for the three years pre and post PE can be seen in Figure 5 . 36
Potential mechanisms
Along with providing capital and assisting in raising future capital, PE is often argued to help investee companies by improving operations, strengthening corporate governance, bringing rigor to business systems and processes, providing access to their business networks, and helping with hiring to fill key management roles (Bain and IVCA, 2011, p. v) . 37 Unfortunately, wide scale data are not available to track exactly what PE firms do in investee companies. 38 However, I use the Prowess data on board of directors and data from the Indian Management Survey to provide some suggestive directions for future research.
Firm governance is difficult to quantify and measure and there is mixed evidence on the effect of boards on firm performance. 39 Using the Prowess data, I find that the number of people on the board of directors increases by 1.15 persons after PE investment (mean of 9 people). This is consistent with PE partners taking a seat on the board of directors in the companies in which they invest. The change in the number of meetings per year of the board of directors is small and slightly positive (.27) but not statistically significantly different than zero (see Table A .12 in the Appendix). 40 Although the sample size is very small, I compare the firms in the Indian Management Survey that receive PE investment to those that don't using a difference-in-difference specification.
Neither the overall management score nor its sub components are statistically difference from 35 OLS results can be found in Appendix Table A.9. 36 Results from a placebo test where I artificially move the date of PE investment three years prior to the actual date and estimate the same regressions on the pre-PE consideration observations can be seen in Table A .10 in the Appendix. Debt/equity, TFP2, and ROA are all increasing after the pseudo investment date, opposite of the pattern seen after the actual investment date.
37 There is increasing evidence that management practices and firm organization can have nontrivial effects on firm productivity. See, among many, Bloom et al. (2013 Bloom et al. ( , 2012 (2000); Ichniowski et al. (1997) .
38 Table A .11 in the Appendix provides information on what the firm for which I have data did in some of their investee companies. This limited data is consistent with a story of expansion rather than efficiency.
39 For evidence on the effect of governance see Kramarz and Thesmar (2013); Landier et al. (2012) ; Schoar and Washington (2011); Giroud and Mueller (2010); Gompers et al. (2003) . Lerner (1995) and Baker and Gompers (2003) provide data on how PE/VC firms interact with boards of directors in the US.
40 These results come from restricting the sample to those that ever receive PE investment and using the differential timing of PE in a difference-in-difference specification as in the previous results.
zero and most of the point estimates are negative. 41 It does not appear that improvements in management are driving changes in investee firms.
Anecdotally, these firms seem to have a difficult time finding good managers and competent CEOs. The availability of high quality managers may be a constraint on the impact of PE firms in India. This is consistent with Bloom and Van Reenen (2010) which find that India was among the lowest performing countries on their measures of management practices. These constraints might also help to explain why Indian firms do not seem to grow as do firms in developed countries (see Hsieh and Klenow, 2014; Kothari, 2013) . More evidence is necessary to test this possibility but it is consistent with the experience of the firm for which I have data. In a review of investments for this firm, 12/22 deals mentioned significant problems with management or the difficulty of finding good managers. In nine of the deals, problems with the CEO are noted and twice the company went through two CEOs in trying to find the right leader for an investee company. On two separate occasions, one of the PE firms' partners became interim CEO of a purchased company, in one case moving from Mumbai to Hyderbad for a year. It is hard to imagine a partner in a US firm becoming CEO of an investee company. 42
Conclusion
The results from both the countrywide data and the better identified "near-miss" data are consistent with an explanation of PE as a mechanism for helping Indian companies to grow and encouraging the reallocation of resources across the economy through time. This reallocation function might be especially important for increasing macro TFP in developing countries. 43 Investee companies are growing in terms of revenue and profits and they are spending more on employees and assets.
Because several financial indicators at these companies change post investment, these results are inconsistent with a story of PE as solely a tool of portfolio diversification by limited partner investors. The debt/equity ratio also does not change post investment and, if anything, debt is lower at the companies that receive PE investment. This argues against PE as purely a story of 41 See Table A.13 in the Appendix. 42 See Table A.14 in the Appendix for some quotes on the difficulty of finding good managers. 43 Banerjee and Duflo (2004) describe how the assumption of optimal resource allocation, important for traditional growth theory, fails radically in the micro-development literature and they show that there is enormous heterogeneity of rates of return to the same factor within a single economy.This within economy heterogeneity may dwarf crosscountry heterogeneity. Hsieh and Klenow (2009) build on this idea and argue that if capital and labor in India were allocated as they are in the US, there would be a TFP gain of 40%-60%. Hsieh and Klenow (2014) show that plants in India exhibit little growth in employment or output compared to US plants and that they invest less in process efficiency, quality, and accessing markets. They estimate that the difference in life cycle dynamics between US and Indian plants could lower aggregate manufacturing productivity 25% relative to the US. using leverage to receive tax shields. Further, TFPR does not seem to be significantly different post investment in the countrywide data and decreases in the "near-miss" data and ROA decreases after investment in both datasets. These decreases indicate that efforts to change the underlying operations of the firm do not seem to be driving PE investment in India. The overall pattern of results is consistent with a story of PE investors reducing barriers to expansion and encouraging manager-owners to expand the size of their firms. The role of PE in relaxing capital constraints for good firms may be especially important in India given banking regulations and the conservative nature of most Indian banks which make it difficult to get loans. PE firms may also provide investee firms with a "technology of expansion," providing concrete knowledge and expertise on how to effectively scale an enterprise.
The effect of PE on the Indian economy is potentially large. Using the estimated increase in gross fixed assets from the countrywide dataset together with the share of capital accounted for by companies that receive PE between 2005 and 2006, PE accounts for 4.3% of the growth in the capital stock per year. Given that the amount invested is equivalent to about 1% of the market capitalization of the Bombay Stock Exchange, PE seems to have an outsized effect on the growth of the capital stock in the country.
The data indicate that PE in India differs from the standard view of PE in the US today as a bundle of capital, management, and governance improvements which help firms to cut costs and become more productive (Davis et al., 2013) . The PE industry itself might have a life cycle within a given geography (see Kaplan and Stromberg (2009) and Guo et al. (2011) for changes in US PE).
With relatively inefficient capital, labor, and product markets, there may be more scope for PE firms to reallocate resources across the economy, taking advantage of arbitrage opportunities by taking the best firms and making them bigger. It may be easier to expand the size of the firm than change productivity within the firm. By reducing barriers to expansion for investee firms, PE may help to spur financial development that will reduce credit constraints and make it more difficult for PE firms in the future to exploit these barriers to achieve high returns. 44 As this happens, PE firms may become more operations-oriented and focused on improving the efficiency of the production process itself. Perhaps the development of the US PE industry, from the capital focused PE firms of the 1970s to Bain and TPG today, reflects this evolution of the industry. 45 Indian PE might be in the early stages of the development of the industry with a heavy focus on easier-to-implement growth rather than more difficult changes in firm operations. Thus, private capital may be an 44 Bertrand et al. (2007) find evidence that a more efficient banking sector can lead to reallocation in a similar manner and Rajan and Zingales (1998) argues that financial development can facilitate economic growth.
45 See Jensen (2010).
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important catalyst to increasing macro productivity and financial sophistication through time by identifying and arbitraging away the most important constraints that firms face at different levels of development. In this way, PE may be an especially important tool for economic growth.
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Notes: The first row denotes the number of companies that received investment from the PE firm from which I have data and the second row indicates the firms that did not receive investment from the PE firm from which I have data. The first column denotes the number of companies that received PE investment from one or more other PE firms and the second column denotes the firms that did not receive other investment. For example, box G5 (80) are firms which were considered for investment by my firm but received no PE investment from any source. Data on firms provided by the company and matched to a constructed countrywide database of all PE deals in India. Notes: The first row denotes the number of matched observations in Prowess for companies that received investment from the PE firm from which I have data and the second row indicates the observations that did not receive investment from the PE firm from which I have data. The first column denotes the number of matched observations in Prowess that received PE investment from one or more other PE firms and the second column denotes the observations that did not receive other investment. Data on firms provided by the company and matched to a constructed countrywide database of all PE deals in India and Prowess. Notes: Average residuals since PE investment of the given variable for investee firms after removing year and company fixed effects from a regression of A and B firms. Standard errors are bootstrapped (500 iterations) at the 10% level. Data on firms provided by the company and matched to Prowess. Notes: Data conditional on matching between the Prowess and PE databases. Industry classifications come from Prowess. PE includes all firms that receive PE investment at any time. Revenue represents the mean revenue for the firm across the years that it is in the Prowess database. Percent revenue is the sum of revenue for companies that will ever receive PE investment over total revenue for all companies in that industry. Notes: * < 10%, * * < 5%, * * * < 1%. The difference between companies that will receive PE and others before PE investment. Panel A reports employee compensation, assets, expenditures, and revenue, in natural logs and profits (ebitda) in levels. TFP measures are in natural logs in Panel B. Panel C includes number of people on the board of directors, number of board meetings per year, overall management score and scores for monitoring, targets, and people skills. All regressions include year fixed effects. Observations are weighted by the inverse of the number of years the company appears in the data and standard errors are clustered at the firm level. Accounting and board of director data from Prowess. Management data from World Management Survey (Bloom, Sadun, and Van Reenen, 2012) . Notes: * < 10%, * * < 5%, * * * < 1%. Panel A: The given dependent variable regressed on treatment by PE firms. Employee compensation, assets, expenditures, and revenue are in natural logs and profit (ebitda) is in levels. Panel B:
The given dependent variable regressed on treatment by PE firms using investment by my firm as an instrument for PE investment. Employee compensation, assets, expenditures, and revenue are in ln(x + x1), where x1 = min(x|x = 0). For both panels, all regressions include year and company fixed effects and standard errors are clustered at the firm level. Countrywide data taken from VCCEdge, Venture Intelligence, Prequin, and Thomson. "Near-miss" data from my firm. Notes: * < 10%, * * < 5%, * * * < 1%. Controlling for the age of the firm. All standard errors are robust. Panel A: Employment is the natural log of (x+1) where x is the most recently available approximate employment (includes the 26 companies that have gone out of business). Panel B: Bankruptcy is an indicator variable for whether the company went out of business after being considered for investment by the PE company. Refer to Figure 3a for the various groups used in each specification. Column 6 reports the instrumental variable results. Outcome data collected by the author. While there is significant overlap between these database, all of them also provide information about deals not found in any other database. In fact, 53.2% of deals are found in only one of the four databases and only 9.7% are found in all four.
A.2 Estimating production functions
Estimating production functions is difficult due to the correlation between unobservable productivity shocks and input levels. A productivity shock causes the firm to either expand or decrease output, which also affects input usage. This can cause estimated productivity using ordinary least squares to be biased. Firm fixed effects can be included to overcome this problem if productivity is assumed to be time-invariant. However, this strategy is not useful in exploring productivity changes over time. Selection can also cause biased estimates since there is a relationship between the unobserved productivity variable and the firm shutdown decision. 46 Olley and Pakes (1996) (OP) develop an estimator using investment as a proxy for these unobservable shocks and also carefully control for selection. Levinsohn and Petrin (2003) argue that investment is lumpy due to substantial adjustment costs and that the investment proxy of OP may not smoothly respond to the productivity shock, violating the consistency condition. They argue that intermediate inputs can be used to solve the simultaneity problem. Further, the investment proxy of OP is only valid for plants reporting nonzero investment and LP argue that a large percentage of developing country firms report zero investment and thus these samples would suffer from truncation that might be problematic for analysis. LP also argue that if adjustment costs lead to kink points in investment demand then plants may not entirely respond to productivity shocks and correlation with the error term may remain. The intermediate input may more fully respond to the entire productivity term if it is less costly to adjust than investment.
A.3 Adjusting capital and calculating value added for TFPR1
To allow for different vintages, I adjust capital to convert gross fixed assets (gfa) from the Prowess balance sheet figures at historic cost to obtain asset value at replacement cost. I then calculate investment as the difference between the current and lagged value of gross fixed assets and apply the perpetual inventory method to get current period capital. Specifically,
where K is the quantity of capital, P is the price of capital, I is investment and δ is the depreciation rate (calculated as depreciation/gross fixed assets). To calculate the base year P 0 K 0 (the first year in the data for a given firm), I follow Balakrishnan et al. (2000) . Specifically, I use their adjustment factor,
where τ is the life of the machine (here assumed to be 20 years), π is the average
from 1983-2013 (π = 1.067 for this period), and g is equal to the average real GDP growth rate (
) of the Indian economy from 1983-2012 from the World Bank Tables (g = 1.06159 for this period). I then multiple R G by gfa in the base year to convert capital to replacement costs at current prices. This is then deflated using the price index. Finally, capital in the next period is calculated as (1 − δ) * adjusted base year gf a + def lated investment.
Three different measures of value added were used. In general, value added = total income − materials.
However, materials is only present for about 45% of observations in the data. Following (rosell, compustat), value added is also calculated as, value added = P BDIT A + employee compensation or value added = total income − cost of goods sold + employee compensation.
Appendix Notes: * < 10%, * * < 5%, * * * < 1%. The given dependent variable regressed on treatment by PE firms three years before investment occurred. Employee compensation, assets, expenditures, and revenue are in ln(x + x1), where x1 = min(x|x = 0). Constant not shown. Standard errors are clustered at the firm level. Controls for year and firm fixed effects. Data from my firm and Prowess.
Appendix effectively became the CEO and the team tried to concentrate on getting a decent second tier of managers...The team took the wrong decision twice with respect to the CEO, and getting the right CEO early is a key factor in a sector where it is not easy to attract talent. As a consequence of this instability and lack of leadership, the CFO and COO left as well. [Partner from PE firm] had to become the effective CEO and started to micro-manage the investment while being busy on other fronts as well, and this is only acceptable for a short period of time. The business is three years behind due to management issues and [PE firm] is still in the process of finalizing the organization...Having the right CEO from the beginning is also key for attracting second tier management talent and to implement the necessary changes to the business efficiently.
Media & Entertainment No
The CEO originally in place at [company] was found to be upsetting his direct reports and was also making unreasonable demands. [PE firm] replaced him very soon after investment. The new CEO... was considered an excellent replacement. She already had considerable experience from her time with an Indian TV channel and a strong knowledge of media company management and advertising sales... [She] was also very reactive once the downturn hit in 2008. She received agreement from her management team to cut salaries across the board by 25% rather than cut jobs. Construction No [PE firm] identified a new CEO, Y, to join the company on closing. There was general agreement from most investment professionals that industry experience was needed from the outset with respect to [company] . Although Y had not been a CEO before, he had strong operational expertise gained within the industry, which was what the company required most at the time. He was aware of best practice and was able to build a bridge between where the business started at and where it needed to be, choose the right people and equipment, and built best in class facilities. However he did not build a sales culture within the firm, which hurt. The assets were high quality, but there was not a sales engine to power growth of the business. He was subsequently bolstered with professionals who had financial, sales, and marketing acumen.
